Previous studies have showed that fluctuation of estrogen and progesterone affects inflammatory status, as seen with higher serum levels of human serum-CRP and the pro-inflammatory cytokines interleukin-6, interleukin-1, and tumor necrosis factoralpha. [5] [6] [7] [8] Acharya et al demonstrated that women have been reported to demonstrate more uveitis relapses during the premenstrual and menstrual phases of their cycles. [9] In addition, on our Uveitis Service we have observed that many pregnant women did not relapse during the course of their pregnancy, and instead experienced a severe relapse two to four months after giving Women with idiopathic anterior uveitis do not appear to relapse while pregnant. Relapses are reported more frequently and intensely during premenstrual and menstrual stages. These observations suggest that uveitis may be related to fluctuations of sex steroid hormones.
Introduction
Non-infectious uveitis is the most common form of uveitis observed in the United States, and approximately 81% of noninfectious uveitis cases were diagnosed as anterior non-infectious uveitis. Anterior non-infectious uveitis is an autoimmune phenomenon, classified further into idiopathic autoimmune uveitis or uveitis secondary to systemic autoimmune disease. Idiopathic autoimmune uveitis is the single most common cause of uveitis. [1] Autoimmune disorders affect nearly 20 million Americans. [2] Many of these disorders are found to be more common in women than men. Brandt el al and Clayton el al reported that 60 to 80% of those affected by autoimmune disorders are women. These autoimmune disorders include rheumatoid arthritis, multiple sclerosis, systemic lupus erythematosus, Graves' disease, and Hashimoto's disease. [3, 4] Similar to other autoimmune diseases, women have a higher prevalence of anterior noninfectious uveitis than men. [1] There is a significant body of literature on the biological differences between men and women that may affect the course of autoimmune disease. Differences in female sex steroid hormones are likely responsible for the dissimilarity in disease course between males and females.
birth. (unpublished data) We hypothesize that the changes in the prevalence of autoimmune disorders as well as in the severity of uveitis course along different reproductive stages in women could possibility be attributed to female sex steroid hormones fluctuations.
In this study, we explicated the role of female sex steroid hormones on the course of uveitis through comparing the course of idiopathic anterior uveitis between eumenorrheic and postmenopausal stages. The outcome of this study cannot be generalized to the whole population as our sample included only females, which affects the external validity of the study. However, the study may assist in the determination of new methods to manage anterior uveitis, such as the use of topical estradiol for idiopathic autoimmune anterior uveitis.
Materials and Methods
After the Institutional Review Board approved this study and waived consent based on the retrospective nature of the study, the study was initiated. The study is composed of two groups (Groups A & B) and each group contained 30 patients. Group A consisted of 30 women in the eumenarche stage (between 18 and 50 years old or menstruation for one year, whichever came first) and Group B which consisted of 30 women in the postmenopausal stage (more than 50 years old or one year after the cessation of menstruation, whichever came first).
The patients to be included in this study were determined by systematic randomization of uveitis patients with an established diagnosis of noninfectious idiopathic anterior uveitis. Infectious causes were excluded based on the appropriate tools including history, examination, and a battery of investigation ruling out the most common causes of infectious anterior uveitis based on clinical suspicion such as HIV, CMV, syphilis, tuberculosis, toxoplasmosis, and cat scratch disease. The data for the 60 included patients was reviewed retrospectively for 12 months from the date of their most recent visit. The factors reviewed included: the course of disease, the number and severity of relapses, the duration of each relapse, and the treatments administered to control inflammation.
Diagnosis of anterior uveitis is based on clinical presentation such as pain, redness, photophobia and presence of evidences of intraocular inflammation such as presence of inflammatory cells in anterior chamber and presence of synechiae for chronic cases.
The evaluation of the flare-up severity was determined based on two main factors:
1. The presence of inflammatory cells in the anterior chamber and the grade according to SUN criteria, and 2. The average flare-up duration in days.
The treatment for uveitis was also recorded, which included topical steroid eye drops, oral systemic steroids, and immunomodulatory therapy (IMT) (including methotrexate, mycophenolic acid, infliximab, and adalimumab). (Figures 1-3 ) Any intervention that may have affected the physiology of the sex hormones during the reproductive cycle such as the use any form of contraceptive pill or device would have excluded the patient from the study. The use of oral systemic steroids and immunomodulatory therapy (IMT) were also considered confounding factors, which may have affected the outcome of the study. This could have been avoided using stratification of the samples and matching the number of patients using systemic steroids and immunomodulatory therapy (IMT) in both groups of the study. This could have balanced the confounding factors, but was not performed as it could have also affected the internal validity of the study. In group A, all 30 eumenorrheic stage women who were recruited were asked routinely at every visit about their menstrual period and the use of any contraceptive measure, but no pregnancy tests were conducted for verification. In group B, all 30 postmenopausal stage women who were recruited were asked routinely at every visit about the use of any hormonal replacement therapy.
All efficacy variables were evaluated at baseline and during follow-up visits by slit-lamp biomicroscopy. The primary efficacy variables were anterior chamber cells graded according to SUN Criteria. Safety variables monitored included: age, reproductive stage of life which is defined based on age and last menstrual period, different lines of treatment such as topical steroid, systemic steroid, immunomodulatory agents, and other ophthalmologic findings. Others findings such as intraocular pressure, visual acuity, cystoid macular edema, posterior capsule opacification, etc., we're not assessed for in this study, as the main focus here was the relationship between intraocular inflammation and female sex hormones. All patients were evaluated by ophthalmologists on our uveitis team.
Different numbers between the groups were tested for significance using a chi-square analysis with P<0.05 being a significant difference. Differences of variables between groups were determined utilizing a group t-test with P<0.05 considered significant where appropriate. All data are presented as means +/-standard error of means (SEM). 53 Group t-test shows a statistically significant difference in the incidence of uveitis flare-up between eumenorrheic and postmenopausal groups. The unique sexual hormone milieu of each group likely contributed to this difference. P1/P2 represents each group's proportions, postmenopausal to eumenorrheic, calculated. Two-Sided Tests of the Difference (P1 -P2) were calculated where H0: P1 = P2 vs. Ha: P1 ≠P2. Ho was rejected at α≤0.05. In our study, eumenorrheic women have nearly twice as high a proportion of uveitis flare-ups than postmenopausal women (.53 vs .23, α<.05), with a relative risk of .44. (Table 1 ) Group t-test shows a statistically significant difference in the incidence of uveitis flareups between eumenorrheic and postmenopausal groups. (Table 2) The severity of flare-ups was measured using the severity grade of inflammation as defined by SUN criteria. [10] On cell grade scale, the median for the eumenorrheic group was 2 vs. 1 in the postmenopausal group (α<.05). (Table 3 ) (Figure 1 ) Group t-test shows a statistically significant difference in the mean cell grade between eumenorrheic and postmenopausal groups. (Table 4) The mean duration, in days, is calculated for the both eumenorrheic and postmenopausal group.
Results
The median duration of uveitis flare-up in days is calculated for the both eumenorrheic and postmenopausal groups. Uveitis flare-up in the eumenorrheic group averages a more prolonged course (40.5±6) when compared to the postmenopausal group (29±4). (Table 5 ) (Figure 2 ) Group t-test shows a statistically significant difference in the average duration of flare-up between eumenorrheic and postmenopausal women (Table 6 ). Group t-test shows a statistically significant difference in the median duration of flare-up between eumenorrheic and postmenopausal women. Ho was rejected at α ≤ 0.05. μ1-μ2: Eumenorrheic-Postmenopausal.Uveitis flare-up in the eumenorrheic group average a more prolonged course when compared to the postmenopausal group. This increase in duration is likely impacted in part by differences in sexual hormones.
When reviewing choice of treatment, we found that postmenopausal women typically received topical steroids (26/30 vs. 19/30), with less systemic steroid (1/30 vs. 16/30) and IMT (4/30 vs. 11/30) as compared to eumenorrheic women (Table  7 ). In addition, treatment of postmenopausal women is primarily steroid preparation without IMT (26/30 vs. 26/30) rather than with IMT (4/30 vs. 11/30) relative to eumenorrheic women (Table 8) . Group t-test shows a statistically significant difference in the choice of topical steroids over IMT as treatment for uveitis flare-up in eumenorrheic and postmenopausal groups ( Table 9 ). The proportion of women that received topical steroids over IMT was significantly greater for postmenopausal than eumenorrheic women (.87 vs .63, α<.05) with a relative risk of .73. (Tables 10 &  11 (Table 7) . Eumenorrheic women received a significantly greater proportion of systemic to topical steroids. (Tables 12-14 
Discussion
The study demonstrated a statistically significant difference in the incidence of uveitis flare-ups between eumenorrheic and postmenopausal groups. (Tables 1-2) The difference in uveitis course may relate to the unique sexual hormone milieu of each group. [9] This may correspond to monthly female sex hormone fluctuations during the menstrual cycle in eumenorrheic patients. We also demonstrated an average severity of uveitis flare-up that was more intense in eumenorrheic compared to postmenopausal women. (Tables 3-4 There is an association between an increase in the severity and duration of uveitis flare-up and fluctuations of female sex steroid hormones. Severe and prolonged uveitis flare-up would require more aggressive treatment than topical steroids alone, such as systemic steroid and IMT. Physicians prescribed both groups topical steroids more frequently than IMT and systemic steroids. (Tables 7-9 ) However, a significantly greater proportion of the eumenorrheic group received IMT or systemic steroids over topical steroids when compared to the postmenopausal group. (Tables  10-14) (Figures 3-4) The choice to use more aggressive treatment modalities in the eumenorrheic group suggests more severe and prolonged flare-ups in this group. The treatment choice may also reflect medication side effect profiles specific to each age group. Ho was rejected at α≤0.05. P1-P2.
Although in absolute numbers eumenorrheic women received more systemic steroids and postmenopausal women received more IMT (Table 7) , the study did not have sufficient power to show a statistically significant difference (α≥.05) between systemic steroids vs. IMT use in uveitis flare during eumenorrheic stage compared to postmenopausal stage. (Tables 15-17 ) ( Figure 5 ). Low α (α≥.05) requires a greater sample size to increase the power of the study. As we have seen the incidence of flare-ups is lower in the postmenopausal group, studying a larger group of postmenopausal women may demonstrate a statistically significant difference between IMT and/or steroid treatment, but would require a larger pool of patients. Group t-test shows a statistically significant difference in the choice of steroid modality used to treat eumenorrheic and postmenopausal groups*. Physicians used topical steroids more frequently than systemic steroids in each group. Overall, eumenorrheic women received more topical steroids than postmenopausal women. Further, eumenorrheic women received more systemic steroids than postmenopausal women. Treatment choice may have been influenced by increased: incidence, average severity, and average duration, of flare ups in the eumenorrheic group that prompted more aggressive modalities. Ho was rejected at α ≤ 0.05. P1-P2.
The decrease in flare-up incidence, severity, and duration in postmenopausal women suggests that uveitis in postmenopausal women is of low severity level. (Tables 1,3 Ho was not rejected at α≤0.05. P1-P2.
Our study shows several significant differences amongst eumenorrheic and postmenopausal women. The unique hormonal milieu of eumenorrheic women, especially estradiol and proinflammatory cytokines, likely contributed to the increases in flare-up incidence, severity, and duration seen in the eumenorrheic group. (Figures 1-2 ) (Tables 1,3,5) Further prospective studies are needed to correlate the role of female sex hormones on the course of uveitis, mainly estradiol and its potential to treat autoimmune uveitis.
Our study showed the incidence of idiopathic anterior nonnfectious uveitis is higher during the active reproductive stage of life. This higher incidence of flare-ups is likely what guides wider usage of short course systemic steroids in eumenorrheic patient groups; to ameliorate and reduce further flare-ups. Further, the course of uveitis in eumenorrheic women is more severe with longer duration. By comparison, uveitis in postmenopausal women is less severe with shorter duration. Uveitis flares in postmenopausal women typically involve lower-grade inflammation intensity, with greater response to topical steroids. Sex hormones, including estradiol and progesterone, and the oxidative properties associated with them seem to be major players in the pathophysiology of uveitis. The higher level of estradiol seen in eumenorrheic women as compared to postmenopausal women may contribute to greater incidence and severity of uveitis.
